Calpain activation is hypothesized to be an early occurrence in the sequence of events resulting in neurodegeneration, as well as in the signaling pathways linking extracellular accumulation of β-amyloid (Aβ) peptides and intracellular formation of neurofibrillary tangles. In an effort to identify small molecules that prevent neurodegeneration in Alzheimer's disease by early intervention in the cell death cascade, a cell-based assay in differentiated Sh-SY5Y cells was developed using calpain activity as a read-out for the early stages of death in cells exposed to extracellular Aβ. This assay was optimized for highthroughput screening, and a library of approximately 120,000 compounds was tested. It was expected that the compounds identified as calpain inhibitors would include those that act directly on the enzyme and those that prevented calpain activation by blocking an upstream step in the pathway. In fact, of the compounds that inhibited calpain activation by Aβ with IC 50 values of <10 μM and showed little or no toxicity at concentrations up to 30 μM, none inhibit the calpain enzyme directly. (Journal of Biomolecular Screening 2008:870-878) 
INTRODUCTION
T HE PATHOLOGY OF ALZHEIMER'S DISEASE (AD) is characterized by the appearance of extracellular β-amyloid (Aβ) plaques, intracellular neurofibrillary tangles of hyperphosphorylated τ protein, and corresponding neurodegeneration. Although the exact mechanism of cell death in the disease is as yet unknown, studies have shown that application of extracellular Aβ peptides to cells in culture results in cell death. 1 Additionally, exposure of cells to exogenous Aβ peptides activates signaling cascades that lead to increased phosphorylation of the microtubule-stabilizing protein τ, 2,3 suggesting that the 2 lesions do not occur independent of each other. Hyperphosphorylation of τ results in dissociation of the protein from microtubules leading to a loss of microtubule stability, and ultimately cell death. 4 Although several kinases have been implicated in τ phosphorylation, recent studies have implicated the cyclin-dependent kinase 5 (cdk5) in τ hyperphosphorylation in response to Aβ treatment of cells 5, 6 and in human AD brain. 7, 8 Cdk5 activity is modulated by its interaction with specific activator proteins, p39 and p35. 9, 10 Cleavage of p35 to p25 by the calcium-dependent cysteine protease calpain leads to increased cdk5 activity and increased phosphorylation of τ. 11, 12 Numerous studies have shown that Aβ treatment of primary neuronal cells in culture produces an increase in intracellular calcium, 13, 14 and postmortem analysis of human AD brain tissue also revealed increased calpain activity. 15, 16 These observations indicate that calpain activation due to increased intracellular Ca 2+ in response to Aβ exposure may be an important signaling pathway linking extracellular Aβ accumulation to intracellular formation of tangles of hyperphosphorylated τ and subsequent cell death in AD.
In addition to its role in activation of cdk5 and phosphorylation of τ, other potential roles for calpain in neurodegeneration have been identified. There is some evidence that calpain activation may be involved early in the pathogenesis of the disease by modulating the cleavage of amyloid precursor protein to produce Aβ peptides. 17, 18 Additionally, dynamin 1, a protein involved in synaptic vesicle recycling, has recently been identified as a substrate for calpain. 19 Increased proteolysis of dynamin 1 in AD could result in decreased neurotransmitter release and subsequent synaptic dysfunction. A more direct involvement of calpain in neuronal cell death is through cleavage of procaspase 12 to the active caspase 12, which results in initiation of the apopototic cascade in response to endoplasmic reticulum dysfunction. 20 The potential involvement of calpain in several pathways related to Aβ-induced cell death makes it an attractive target for therapeutic intervention in AD. In fact, calpain inhibition has been shown to be neuroprotective against a variety of toxic insults. 6, [21] [22] [23] The majority of efforts to identify calpain inhibitors have involved designing compounds based on chemical structures of naturally occurring calpain inhibitors, for example, the peptidyl aldehyde derivatives such as MDL-28170 and Acetyl-Leu-Leu-Nle-H (ALLN)-potent, cell-permeable inhibitors that are not selective for calpain. 24 The design-based approach to identifying direct inhibitors of calpain has produced compounds with varying potencies and selectivity for calpain, yet none of these compounds has advanced to clinical trials. Therefore, our goal was to develop a cell-based assay that could be adapted for high-throughput screening in an effort to identify novel small molecule inhibitors of the calpain pathway as a means of preventing Aβ-induced neurotoxicity.
MATERIALS AND METHODS

Cell culture conditions
SH-SY5Y cells obtained from American Type Culture Collection (Manassas, VA) were cultured at 37 °C in the presence of 5% CO 2 and maintained in Dulbecco's Modified Eagle's Medium (DMEM; Gibco, Los Angeles, CA) with 10% fetal bovine serum and 100 μg/ml penicillin-streptomycin (Sigma, St. Louis, MO). In preparation for assays, cells were trypsinized using Trypsin-EDTA (Invitrogen, Carlsbad, CA), collected, and harvested by centrifugation at 126 × g for 10 min. The pellet was resuspended in RPMI 1640 medium without phenol red (Invitrogen) and with 1% fetal bovine serum and 100 μg/ml penicillin-streptomycin, and the cell suspension plated in 384-well black tissue culture-treated plates with clear bottoms (Corning, Acton, MA) at a density of 10,000 cells in 20 μl of media per well with a Multidrop 384 (Thermo Fisher Scientific., Waltham, MA). Cells were incubated for 24 h at 37 °C in the presence of 5% CO 2 , then were treated with 10 μl of 30 μM all trans-retinoic acid (Sigma) in serum-free RPMI 1640 to induce differentiation. The final concentration of retinoic acid was 10 μM in 30 μl of media, and the final serum concentration was 0.67%. The cells were kept at 37 °C in the presence of 5% CO 2 for 5 days after plating, when the assays were performed.
Cell-based calpain activity assay optimization
Calpain activity in the cells was measured using a variation of the protocol for the CalpainGLO assay kit from Promega (Madison, WI). The assay was originally designed for use with purified enzyme in an add-mix-measure format. In brief, the substrate and detection reagent were combined and incubated with purified enzyme in the presence or absence of Ca 2+ . To adapt this assay for whole cell measurement of endogenous calpain activity, the substrate was added to the cells independently, followed by exposure to insults, and cellular calpain activity measured with the detection reagent after the cells were lysed. β-Amyloid [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] (Anaspec, San José, CA) was reconstituted to 1.26 mM in ddiH 2 O, then diluted to 1 mM in 50 mM Tris, pH 7.4, and incubated for 24 h at 37 °C to preaggregate the peptide. For validation of the assay, the cells were incubated for 30 min with 5 μM BAPTA-AM (Sigma), 50 μM MDL-28170, or 100 nM Epoxomicin (EMD Biosciences, La Jolla, CA), then with 20 μM Suc-LLVY-Aminoluciferin substrate, diluted in CalpainGLO assay buffer, for 30 min prior to exposure to 5 μM Ionomycin (Sigma) or 25 μM Aβ 25-35 for 4 or 8 h, respectively. Each treatment was administered by addition of 5 μl of working stock diluted in serum-free RPMI 1640 to cells in 30 μl of medium. Black backing tape (Perkin Elmer Life Sciences, Boston, MA) was applied to the bottom of each plate prior to luminescence detection. The cells were then lysed in 5 μl of lysis buffer consisting of 9% Triton X-100 with 1 mM of the known calpain inhibitor MDL-28170 (EMD Biosciences) to prevent further cleavage of the substrate by calpain. A total of 12 μl of a 2× solution of the luciferase detection reagent was added to the cell lysates and luminescence measured after 15-min incubation at room temperature using an LJL Analyst plate reader (Molecular Devices, Sunnyvale, CA).
High-throughput screen for calpain inhibitors
SH-SY5Y cells were prepared as described above. The screening assay was performed 4 days following initial exposure to retinoic acid. A Beckman Biomek FX robotics system (Beckman Coulter, Fullerton, CA) with a 384-multichannel pipetting head was used to perform the screening experiments. The compound library consisted of over 120,000 small molecules, including compounds approved by the Food and Drug Administration (FDA), a purified natural products library, compounds purchased from Peakdale (High Peak, UK), Maybridge Plc. (Cornwall, UK), Cerep (Paris, France), Bionet Research Ltd. (Cornwall, UK), Prestwick (Ilkirch, France), Specs and Biospecs (CP Rijswijk, the Netherlands), ENAMINE (Kiev, Ukraine), I.F. Lab LTD (Burlington, Ontario, Canada), and Chemical Diversity Labs (San Diego, CA), and small molecules from different academic institutions. Compound source plates for the assay were prepared by spotting 0.4 μl of 1.67 mM compound in DMSO in each well of a Greiner 384-well plate, with columns 23 and 24 spotted with neat DMSO for positive and negative controls. These plates were then sealed with aluminum plate seals and stored at -20 °C. The day of the screen, the compounds source plates were thawed to room temperature, and the compounds were diluted in 70 μl of serumfree RPMI 1640 for an intermediate stock of 9.54 μM compound and 0.57% DMSO. The positive control for inhibition consisted of 0.45 mM solution of the known calpain inhibitor MDL-28170 in serum-free RPMI 1640, which was added to column 24 of the compound source plate. The negative controls were prepared by diluting 0.4 μl of DMSO in 70 μl of serum-free RPMI 1640 as a vehicle control in column 23. A total of 5 μl of compound or control was transferred from the source plate to the cell plate, resulting in a concentration of 1.36 μM compound, 0.08% DMSO, or 64.3 μM MDL-28170 in the assay system. The cells were exposed to the compounds or controls at room temperature for 30 min then 5 μl of 0.180 mM Suc-LLVY-aminolucinferin calpain substrate was added to all the wells and incubated with the cells at room temperature for 30 min. The cells, including the negative and positive controls, were then exposed to 5 μl of 0.225 mM preaggregated Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] for 8 h at 37 °C and 5% CO 2 . Following incubation with Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , the cells were lysed in 5 μl of calpain lysis buffer (0.9% Triton X-100 with 0.1 mM MDL-28170) and incubated for 15 min with 12 μl of a 2× solution of the CalpainGLO luciferase detection reagent in a final assay volume of 62 μl. Luminescence was detected using an LJL Analyst plate reader (Molecular Devices). Approximately 10,000 compounds were tested each screening day using this protocol. Analysis of the data was performed by determining the percent inhibition of calpain exhibited in each compound well, using the MDL-28170-treated cells as 100% inhibition (positive control), and those treated with Aβ 25-35 alone as 0% inhibition (negative control), according to the following formula:
where the luminescence test is the signal in the test compound well, the average luminescence positive control is the average of the signals in the MDL-28170-treated wells, and the average luminescence negative control is the average of the signals in the wells treated with Aβ alone. The Z′ factor, a statistical characteristic used for determining the quality of each plate, was calculated using Excel software based on the method developed by Zhang et al. 25 Compounds exhibiting ≥60% inhibition in the primary screen were then selected for validation in a 3-point doseresponse experiment. Preparation of the compound source plate for the validation assay involved diluting 3.4 μl of 10 mM stock to 5 μl in DMSO for a solution of 6.8 mM, then performing 2 serial dilutions in DMSO to prepare 1.36 mM and 0.136 mM solutions. This was done using a Beckman Biomek NX system (Beckman Coulter, Fullerton, CA) with span 8 pipetting head; 0.4 μl of these solutions was then further diluted in 70 μl of serum-free RPMI 1640 for intermediate compound stocks of 38 μM, 7.8 μM, and 0.78 μM, respectively, then quadmapped to a 384-well format by a Beckman Biomek FX system with a 96 multichannel pipetting head. The assay was performed as described above, with final compound concentrations in the assay system of 5, 1, and 0.1 μM. In parallel with these validation studies, cytotoxicity of the selected compounds was determined.
Cytotoxicity assay
Toxicity of compounds was determined using the CellTiterGLO Luminescent viability assay from Promega (Madison, WI), according to manufacturer's instructions. In brief, the CellTiterGLO substrate was reconstituted in the buffer supplied with the kit, and a volume of this reagent equal to the volume of cell culture medium was added to each well. Cell lysis was induced by the CellTiterGLO reagent, and the amount of ATP released detected by the substrate. The luminescent signal was allowed to equilibrate over 15 min at room temperature and the signal detected using an LJL Analyst plate reader (Molecular Devices).
Purified calpain II activity assay
Purified calpain activity was determined using the CalpainGLO assay kit from Promega according to the protocol provided. In brief, 50 nM m-Calpain isolated from porcine kidney (EMD Biosciences) in calpain enzyme buffer (10 mM HEPES, pH 7.2, 1 mM EDTA, and 10 mM DTT) was incubated for 30 min with test compound or known inhibitor, then mixed with reagent mix from the assay kit consisting of 80 μM Suc-LLVY-aminoluciferin substrate in 1 × luciferase detection reagent, with or without 2.5 mM CaCl 2 , and luminescence measured after 15 min at room temperature using an LJL Analyst plate reader (Molecular Devices).
RESULTS
Screening strategy
The goal of this screen was to identify compounds that inhibited Aβ-induced activation of calpain as a means of identifying potentially neuroprotective agents. This assay is modeled after other calpain activity assays performed in primary neurons in culture using an aminomethylcoumarin-conjugated substrate. 6 Initial experiments indicated that treatment of retinoic aciddifferentiated SH-SY5Y cells with Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] induced toxicity in a time-dependent manner ( Fig. 1) . In the presence of the known calpain inhibitor MDL-28170 toxicity was prevented at 24 h of exposure in a time-course experiment ( Fig. 1) , suggesting that calpain inhibition protects against Aβ-induced cell death. Therefore, we developed a cell-based assay for measuring calpain activation after treatment with exogenous Aβ using a cell-permeable aminoluciferin-conjugated calpain substrate, Suc-LLVY-aminoluciferin. This approach permits identification of compounds that inhibit calpain activity by either direct interaction with the enzyme or through an indirect mechanism. Retinoic acid treatment results in differentiation of SH-SY5Y cells resulting in neurite outgrowth and expression of neuronal markers such as neurofilament proteins and neuron-specific enolase. 26, 27 Undifferentiated SH-SY5Y cells did not have a response to Aβ treatment (data not shown).
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Assay validation
Prior to implementation in a high-throughput screening platform, the validity of this method for detecting calpain activity had to be ascertained. The dependence of substrate cleavage on cytosolic Ca 2+ levels, as well as the specificity of the substrate for cleavage by calpain in this cellular assay system, had to be shown before the assay could be used in high-throughput screening. Initial assay validation experiments were conducted using the Ca 2+ ionophore ionomycin to induce calpain activation, and the cell-permeable Ca 2+ chelator BAPTA-AM to prevent increased free cytosolic Ca 2+ and subsequent activation of calpain ( Fig. 2A) . Influx of intracellular Ca 2+ induced by ionomycin resulted in increased cleavage of the calpain substrate, and chelation of intracellular Ca 2+ by BAPTA-AM prevented cleavage of the substrate. These results show that cleavage of the substrate is dependent on changes in cytosolic Ca 2+ concentration, as we expect for calpain activity. The substrate being used can also be subject to cleavage by the 20S proteasome; thus the specificity of the substrate for cleavage by calpain in this assay system was determined by exposing cells to inhibitors specific for calpain (MDL-28170) or the 20S proteasome (epoxomicin) for 30 min prior to the addition of Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] (Fig. 2B) . The luminescent counts for this experiment were 10fold less than that for other experiments due to repeated freezing and thawing of the luciferase detection reagent. However, the 2-fold increase in luminescent signal induced by Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] cleavage of the substrate. Importantly, pretreatment of the cells with epoxomicin had no effect on the basal luminescent signal or on the increase in luminescence in Aβ-treated cells. This result shows that in this cellular assay system the substrate cleavage and resultant luminescent signal produced are a result of calpain activity and not the 20S proteasome. Finally, the dose dependence of 2 known calpain inhibitors, MDL-28170 and ALLN, was tested in the cell-based assay (Fig. 3) . The EC 50 values of the inhibitors were found to be 14 ± 1.4 μM and 20 ± 4.2 μM (mean ± SD), respectively. These data, in conjunction with the results of the other validation experiments, indicate that the cell-based assay is detecting Aβ-induced calpain-dependent cleavage of an aminoluciferinconjugated substrate, and that the assay can be used to identify inhibitors of Aβ-induced calpain activation.
Optimization of the assay for HTS
There were 2 major factors to be considered when optimizing this cell-based assay for high-throughput screening: time of exposure to the insult and cell density. The length of exposure of the cells to Aβ was critical, because an endpoint for the assay had to be selected when there was sufficient cleavage of the substrate to produce a consistently large change from control values but prior to the point when cell death occurs. The results in Figure 1 showed that there was little cell death by 18 h of exposure to Aβ but significant cell death (50%) by 24 h. Therefore, time points between 0 and 12 h of exposure to Aβ were tested (Fig. 4A) . There was some basal cleavage of the substrate occurring but, by 4 h, there was 1.7-fold increase in calpain activity over control. At 8 h, a 3-fold increase in substrate cleavage was observed in Aβ-treated cells. This was the largest signal-to-background ratio during the time course and with a Z′ factor of 0.8, which is indicative of a good assay for screening, this time point was selected as the endpoint for the assay.
The optimal cell density for the assay was selected by performing a cell titration experiment in which the Aβ-induced calpain activity in cells plated at densities ranging from 2500 to 40,000 cells per well in a 384-well plate was compared with calpain activity in cells exposed to MDL-28170. Additionally, a cell viability assay was performed in parallel with the calpain assay to ascertain the viability of the SH-SY5Y cells at the different densities. The results of the cell viability assay show a linear increase in the number of cells in the range between 2500 and 20,000 cells per well. There was no difference in the signal produced in the wells with 20,000 and 40,000 cells, indicating that there may be reduced survival over the course of the experiment at densities greater than 20,000. The results of the calpain activity assay show the largest fold change (3-fold) between Aβ-treated cells and MDL-28170-treated cells at a density of 10,000 cells per well; therefore, this density was selected for the high-throughput assay (Fig. 4B) .
Based on the results of the optimization experiments, the optimal assay parameters are cells plated at 10,000 cell per well, incubated with 20 μM Suc-LLVY-aminoluciferin substrate, and exposed to Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] for 8 h in the presence or absence of test compound or known inhibitor. This protocol was implemented and a screen of approximately 120,000 compounds conducted to identify inhibitors of Aβ-induced calpain activity.
HTS for inhibitors of β β-amyloid-induced calpain activation
A compound library composed of approximately 120,000 compounds was screened in the cell-based calpain activity Figure 5A shows the results from 25,000 compounds tested, which are representative of the entire screen. The Z′ factor, a statistical parameter for high-throughput screening assays that reflects the quality of the data for each assay plate based on the magnitude of the signal window between the positive and negative controls and the signal variability within the controls, was calculated. 25 In this assay, 90% of the plates had Z′ factors greater than 0.5 (Fig.  5B) . Those plates with Z′ factors less than 0.5 were repeated. Some variability during the screen may be due to the cell passage number, which may have contributed to variability in the cellular response to Aβ, or to decreased signal strength related to freezing and thawing the luciferase detection reagent between screening sets. Of the 120,000 compounds screened, 353 compounds exhibiting ≥60% inhibition, which is 3× the standard deviation from the mean of the DMSO vehicle controls, were considered hits, representing 0.29% of the library. These compounds were then retested for dose dependence of response at final assay concentrations of 0.1, 1, and 5 μM in the same primary assay to prioritize compounds. Because the signal is dependent on the viability of the cells, that is, cell death would reduce the luminescent signal in the assay, a cytotoxicity assay to determine cell viability following 8-h exposure to the compounds was performed in parallel to the dose-response experiments. The results shown in Figure 6 are from representative compounds obtained in the confirmation experiments. Figure 6 shows compounds that inhibited calpain in a dose-dependent manner and were not toxic (compounds A and C) as well as compounds that inhibited the signal in the primary screening assay and were toxic (compounds B and D). Additionally, some compounds that inhibited in the primary screen assay did not confirm (compound E). Of the 353 compounds selected for retesting, 80% (284 compounds) confirmed activity and inhibited calpain activity in the cell-based assay, and 50% of these (142) showed some toxicity. Following these experiments the compounds were reevaluated for physical chemical properties (i.e., lacks reactive functional groups or other undesirable molecular motifs) and 24 compounds that exhibited potent inhibition of calpain and no toxicity were further investigated.
Hit confirmation and preliminary mechanistic studies
Compounds from the primary screen that had been selected for further investigation were evaluated for full concentration response ranging from 1 nM to 30 μM to obtain EC 50 values in the cell-based assay. In parallel, cell viability experiments were performed following 24-h incubations of the cells with the compound to prioritize hits further. Representative results for 2 compounds, compound A and compound F, are shown in Figure 7 . These compounds had EC 50 values for inhibition of cellular calpain of 9.4 ± 1.4 nM and 840 ± 162 nM, respectively. The EC 50 values for calpain inhibition by the selected compounds ranged from 8 nM to 10 μM, with most compounds exhibiting no toxicity after a 24-h exposure at concentrations up to 30 μM.
Additional experiments were performed to probe the mechanism of action of the compounds. The cell-based assay used for the primary screen was designed to identify compounds that inhibited calpain activity either by directly interacting with the enzyme or by indirectly modulating the activity, potentially by preventing the increase in intracellular Ca 2+ by Aβ that leads to calpain activation. To determine if a specific compound was a direct inhibitor of calpain or had an alternate target in the pathway resulting in calpain activation, the compounds were tested in a purified calpain activity assay. The results in Figure 8A are representative of 1 compound (F) that inhibited the luminescent signal generated in the purified enzyme assay and 1 compound that did not (A). Six compounds were found to reduce the signal generated in the purified calpain activity assay; however, these compounds failed to inhibit in a similar assay using an AMC-conjugated substrate (data not shown). This suggests that the inhibition by these compounds in the primary screen assay, as well as in the purified calpain II activity assay utilizing the aminoluciferin-conjugated substrate, could be due to inhibition of the luciferase detection of the luciferin rather than inhibition of the calpain activity that produces luciferin. This was confirmed by testing the compounds in an experiment in which the compounds were added to the reaction mixture after the completion of the calpain reaction that produces the luciferin product. In this experiment, the compounds reduced the luminescent signal even though the substrate had already been cleaved and the luciferin substrate produced. The results presented in Figure 8B are those of compound F, which had an IC 50 value of 115 ± 14.2 nM when added to the reaction mixture after completion of the reaction, compared with an IC 50 of 130 ± 20.6 nM when incubated with the enzyme prior to addition of the substrate and Ca 2+ . The similarity in magnitude between the IC 50 values for the assays suggests that the effect of the compound on the luminescent signal is entirely due to its effect on the detection system. Therefore, these 6 compounds were determined not to be direct calpain inhibitors after all. The remaining compounds were classified as indirect inhibitors of calpain.
CONCLUSIONS
We have adapted an assay initially designed for monitoring calpain enzyme activity to an assay that monitors calpain activity within the cell. The assay uses luciferase detection of the cleavage of an exogenous cell-permeable calpain substrate, Suc-LLVYaminoluciferin, producing free aminoluciferin in the cell. This assay was used to detect calpain activation after cells are exposed to exogenous preaggregated Aβ [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , and it was optimized for use in a high-throughput screening platform to identify inhibitors of calpain activity in a compound library of approximately 120,000 compounds. Screening a compound library with a cell-based assay is advantageous in that compounds that act upstream of the assay's read-out (in this case, calpain activity) can be identified in addition to compounds that interact directly with the target molecule to affect its activity. From the screening effort, 142 compounds were found that exhibited calpain inhibition activity in a dose-dependent manner with no toxicity in SH-SY5Y cells. This included a compound with a 9 nM EC 50 . Compounds with favorable chemical structure were selected based on potency in the calpain assay for further investigation. Selected compounds were tested in a purified calpain II activity assay using luminescent detection of free aminoluciferin, the cleavage product of the calpain reaction. Only 6 of the 24 compounds were found to reduce the luminescent signal generated in this assay, and these were shown to directly inhibit the detection of aminoluciferin rather than its production. This suggests that these compounds were not Purified calpain II activity assay EC 50 values of selected compounds. Two compounds were assayed at concentrations ranging from 1 nM to 30 μM against purified calpain II. Panel A shows results of compound incubation with enzyme for 30 min prior to addition of substrate and Ca 2+ . Compound F is representative of compounds that reduced the luciferase signal in the assay, and compound A is representative of compounds that did not affect the signal. Panel B shows results of compound addition following completion of the enzyme reaction, indicating that reduction of the luciferase signal by compound F is a result of inhibition of the detection system, not the activity of the calpain enzyme.
affecting calpain activity. Although the assay was designed in a manner that allowed for potential identification of compounds that directly interact with calpain to modulate its activity as well as those that affect upstream components of the calpain cascade, it is not that surprising that none of the compounds found in the primary screen are direct calpain inhibitors. Considerable effort by many drug discovery organizations has failed to provide potent, selective, and relatively nontoxic small molecule direct calpain inhibitors with adequate pharmaceutical properties. The remaining compounds are proposed to be acting upstream of calpain activation in the cell, perhaps by modulating the loss of Ca 2+ homeostasis that occurs in cells exposed to Aβ. Studies to elucidate the structure-activity relationship of the best series are in progress. The mechanism of action of the most potent of these compounds, including identification of the molecular targets by generating affinity reagents, are under way. The goal of these studies is to develop a novel therapeutic for Alzheimer's disease.
